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(57) [#W«*<D^H] 

^•^A (I TO) iO>b**Jtc*jR*fl:«»»BW>6as 

X, MfBl^f£, If 5 0 0 3r>{fx hn-A*5 2 0 
0 0 ^ >^X h n-AOiIO I TOflt 5 0 1 
X h D— 3 0 0 Jr>ifX h D— AOISHCO^JPI^ 
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T, WB#*fl:^*Jl3&*K3KJlt« : J l *iaJlt*»6&* 
A. mt^: <J -ff>U dCOitmm&W 4 . 6 e V J: 0 t> 



( 2 ) 



2 8 2 4 4 11 



[0 0 0 1] 
[0 0 0 2] 

c r t j; o t>mnmm^^-onm<Dy £ ^ x :/ k ^© 

KmflHfcSftX^S. Lj&»U P£ft©-— 
[0003] J eti5co--x*s#stc. w^lft;^ 

«iS*SH« 3 
[0 0 0 4] 2JS*ifiCD09£LX«:, |g&£|g@£<Z>|Si 

194393, Appl. Phys. Lett. 5 1, 

913 (1 9 8 7)) ji\tmmtmmt<omiz^mt 
v&ksmzitfimf&tstitzmm (usp no. 5, 0 

8 5 947, jflf 2-2 5 0 9 5 2> Appl. Ph 
y s . Lett. 55. P1489 (1989)) 

(Appl. Phys. Lett. 57, 531 (19 

90) ) sfc, m— miz^xomm^mzittc 

WmWim. (Nature, 347, 539 (199 
0) , Appl. Phys. Lett. 6 1, 761 
(1 9 9 2) ) feUi^IMT'lS^tltl^, Z. 

nzomTftmwme, 7, 8, gc^sns. 
[0005] 06tit mmi QMzmwznfcmmi 
2 turn 1 4 t©wteJji-©#aMfc&«jiT**5S3iyB 

1 6#^fig^tifc*a«ii©^jAt^$n.5. ccd«^<d 

[0006] m 7 KI4, M10 ±CR.t 6nfc»g 1 

2 tfeffi 1 4 t©Mfc5fr«ft:^ttJI-Tr**«*B 1 6 £ 
jETLft&JR 1 8 £tf.»j*S*lfc 2 S«igCD{RlAt^$n 

c<o«£<&«3te» 1 6tt. n^wMmommb^fz 

[0 0 0 7] H8K.4, *«1 0±fcR»tSnfc|JMil 
2 £|g@ 1 4 £<0Wfc#«Wb£tt«T*.59S«H 1 6 £ 

•So 1 6J4. iETL^^CDtSffifemfc 

[0 0 0 8] @9 Kte, 1 0 ifcRtt etlfc^ffi 1 



2 tmm 1 4 £<Dng^#«<b^BT*-&5i3tB 1 6 1 
mjimmm 1 8 tm^mmm 2 0 n& 3 mm 

[0009] cn65fir«»it«3i6*^fc:*tt*«3t^* 

fclTF£j&». EFLf&igJg 1 8 £S^Ht?Mll2 0 * 
*ITK61 1 6 izmmV. fCTS^tSutCJ; 

^xfgMse 1 6 *ffi&-rz>mmh-&y>i<Dmmvtm&ft 0 

[0 0 10] fg3feJIffl#^£LXffl^&ns*^ffc^# 

fg^s 1 6 . m^mm 2 0 iz&m Bimttttmz: lt 

tt. H*lStT«*a«1IMfc#**««ftSnTti*. fc£ 

[0011] Sfc, fBfcg 1 6 (OWftt ltd KTO 

59-194393, # |»Bg 63-2956 9 5) 
20 lit 1 ] 




(#B§¥2 - 2 0 9 9 8 8) *Sffi-&^tlX^-5. 
30 [0 0 12] tfiII2 OC^tLTtt, 

*-fr5?T'/-M«MHf (Appl. Phys. Let 
t. 63, 2032 (1993) ) *t#-&^tlXViS„ 
[0 0 13] £nSft$HH^fc^tfjfcO-Ptt&<. 

(P-7iZl/>t-l/» mmm>& (Nature, 
347, 539 (1990) ) 14. *B«ifi^^Xfc 

[0014] citiscttwsttfflbit^rawMjtRjt*^ 
40 miz+ftiznmwouz&z. 

[0 0 15] 

[0016] ^n*x, m * tn&rmmxs ± ummt-e; 
m&mm-? &z.iz\z&r>, mmmzitmi o o o c a/ 

m 1 <DiiS)EP«d«a8fE«£El 0 VSEEXSfife^tlXViS 
50 EISe3£^©*jaft;£4frtfX^3. d«*^*^t^iB 



i J 



( 3 

5 

^tt^anfc, ■pgEOKflsfift (Tg) ^suscDiSVi* 

^fc^W^/fc^Si^StiTt^-g. (Appl. Phy 
s. Lett. 6 1, 2 5 0 3 (1 9 9 2)). 
[0 0 17] L^L«iS. ^©ft£fc5*T?*3ftS#* 

Ufc2] 




lCPffiLT^-SC£^f8^£:ftT^3 (Appl. Ph 
ys. Lett., 66, 2679 (1 9 9 5) ) . H 
*ltt. HWT*«mklt< >3?C»A (I TO) ilEdFLU 20 

mbcdx^;p=f— ntse-r.&t>-& i Totio7iji/S¥ 

[0 0 18] — I TO«@CD7x;[^5*&«4. 
6eV (Nature, Vol. 370, 354 (19 

94) ) -t:a&-5c:t^»e.nT*3 0, zv>m±ttmffl ! &. 

&y7 5>iiftT$5 h 'J7ir;^y75 > (TP 

d) (Dmm&mmmts. 5ev (Appi. Phy 

s.Lett., 61, 2503 (1992)) T?a&-5 30 

[o o i 9] ±m<nTPD%jEjimm:mizmm-rz>m 

^S*lT^5#> flW5077'n-ffe*»niilS 
I TOJ;0fett*M^o^:#7iaWltS^M^i- -5 
[0 0 2 0] & fg3tS*tiE?L«MJiOailB'&*fcLT 

5. 0eV©7j?D (P-7ir.l/>h'-l/» 
0. 4 e V0m£#q¥&-r$c£K:&S (Natur 
e, 37 0, 354 (1 9 9 0)). 
[0 0 2 1] *^^tt±|2«f3fe(?3^1gtC^7i$^.fcfe 



> #ff 2 8 2 4 4 1 1 
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[0 0 2 2] 

auwiaH >s?*a (i to kQtt&te&mmitvs 

[0 0 2 3] H3*q(2E«<Z>%9iR. It^qf 1 CttO^T 
«JtK»*alPffc*HT, Mf3H@£, »?5 0 0t> 
77, h D— 52 0 0 0 ^t>ifX h D— AcDteHco I 
TOSii5 0t>^hO-Ai^3 0 0*>{7X b 

[0 0 2 4] »^3H3|3«©%BJH. ffi&qt 1 

[0025] m3tm4mm<vmwiz. m^mimmom 

[0026] m&msmmommz, m$tmimm<Dm 
mwm^m^z^T. mmmm<t^m^^emii 

[0027] m^m6mm(Dmmiz, m&mimm<nm 
mwmm^m^iz^T, mm&m<t&®M&jEJL®m 

[0028] tt«7 &m<Dmm\z> »*^i^«cd^- 
mnmm^m^iz^x. ms&i&mm<kmz. mtn-r 

StfM. 6 e ViO fc**&SttTa&5c:ts^t 

[0 0 2 9] 

[0030] hi trtt. *^H^j-^ s ^r«|»^^*^ 

CDSfMS^^tl^. HlKlisHT, #^X^m3DjK}£1 
OOltHiUiSfi^n, ^I12ro±|;TPDiv 
S&SJEJUtaMI 1 8*«»l£3n. iE?Li§£IJI l 8©± 
(37^5 + / >J (A I q) * S & 5 f£5fcg 1 
6*»*|fc$n. ««il6 0±CMgAg^5ft« 

[0 0 3 1] HIl2tUm %3feCD»«*m-?&S 

£*l-5o (EuO, ) . ^ 

<J7~'T>mtM (MoO, ) , n-rvVAWLttAfa (VO 

[0 0 3 2] * 1 fctt, &&Jgmfc*5f3jK<Dtt*M8c09 
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iti Tot© 2 cio«a«ia2K* 

Stl*.. l2C*l,iTH 1S10©±|CITOI2 2 
J^j£$tl. I TOI2 2 ©JLK:&JK&Yb!fe$fig2 4** 

»*anx2**js©HMii 2*««riEsnT^5. w. 

[0 0 3 4] »M^2«*3ttL.fc«^-<D^g^t^ 
®2 4C0gUSt±3 0 O^^X ha— AfiTFT-5 0* > 
^hP-AHiWSUK I TO©WP«5 0 0:t 
>yxhn-A*6 2 o o ot>^xhn-AOiat 

[0 0 3 5] **Wtffl(f>*Ct*»Tr*S#«Mt^* 

tt. 5f*iK3S5T5> (USP No. 4, 17 5, 9 
60, USP No. 4. 539, 507. Phil. 
Mag. B, 5 3, 1 9 3 (1 9 8 6) ) , 7 ? n~>T 



9-194393) , **tfS?Tvr-;n|i^, 
(#M5F2 - 247277) . / 

(Appl. Phys. Lett. 55, 1489 

d 9 8 9)). -f?*?x.>®mfa u>mm#ta 

10 (#M(B5 9 - l 9 4 3 9 3) t>ieffl-e§-5„ 

[0 0 3 6] &S*mi*. £fc*Piic<D*£t,^. ®. v 
^*S"7A, TJP5-^A. X)V->uL^ feSUKCtl 

JO 0 3 7] *»«!CffiS*flmK?E%*?-tt. H l K 
■fe JHCiJ At £ cfc 5 fc L T & <k ^„ 

[0038] M. ^mmizm^mmmmytm^s m 

06, 7, 8, 9fc*£*l5J;-3fr*ig£:-r.5C:£t>T? 
[0 0 3 9] £HF. *HK(Cffi««-(i)VJR«%«?oj| 

[0 0 4 0] 
30 KIM] 

[0 0 4 1] aiK*Sn&«-«»S«fflLT^7X3l 

[0 0 4 2] 
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(A) 


RuOx 


Ru 


Ar(70%) 
+ 02(30%) 


RuOl.92 


3680 


2.7x10^ 


10 


MoOx 




Ar 


M0O3 


2150 


1.2 X10~ 2 


10 




V205 


Ax 


V02.22 


1320 


10 5 


20 


rro 


ITO(Swt%Sn02) 


Ar{99%) 
+ 02(1%) 




1720 


3.3 x10" 4 


90 



^SMSfcil 5 O-C-tf, X/1y^#-XEEfct2 X 1 0' 3 T 
orr (0. 2 7 Pa) tLt. feft^EU ^>f«gi: 

(**X©ffi^, #X<Dffig!) KJ^Tg'f ^ 
[0 0 4 3] ITOiilO^ISSftftSK 

fc„ ITO©Mfai 2 0 0t>^7hn-At 

[0 0 4 4] #§te&S0!l©*^ «@S2M^it<h-rSJl 
tT, -^0D«®}gfeiti^2 5 Q/DCStt •S^t^lr 

[0 0 4 5] 
[«3] 



20 



30 m 



mmmm 


(Q/D) 


(%> 


RuOx/ITO 


22.5 


60 


MoOx/rro 


29.1 


40 


VOx/ITO 


33 


60 


rro 


20 


90 



12. #*j6M-pii. miizTxtsftzmmnnmm 



[0046] *5^a6«u:fcsiaii«i©^asfc«fc-o»i 
j tomm±\z, MQmmmz&K). it 

Sg*92X10-'Torr (2. 7 X 1 0 s P a) , M 
f M«) 3 O t h U-A/^ffl^ffTT P D£|5 

LTH S?glX10-Torr (1. 3X10 'P 
a) , Mm^^l 5 0^->^x ho— A/^trMgt 
A g Oft* (Mg:Ag=10: 1) $|5l 8 0 0t> 
^hP-AitLL *f lfiOt-fXB3mmX 3 
mmTSO, 2 5mmX 3 5mm©IK±|;i 5ifg 

[0047] &±<D£?izftMvitm®nBmftmir(D 
\zje. mmm\zM(ommmEE^mav, #^x* 

^Tl^Snfc. a^T, lcd/m ! OffS^#&n 

l«fetHJ3VTS9L 5EtC, 5VttTtt2 0 
c d/m' ftAtt&fif<Bifiltt£E 1 2 V 

T3 0 0 c d/m 1 T^-pfc. 
[0 0 4 8] tfctt«l. ^^XSKlEJifcKHtt^^h 
D>X/^2/^teT I TO€ 1 5 0 0t>i/X ha— Afife 
40 KLTBItL, -tOifc. *ML«2tH«©^aEif, 

fflOJfftfWLfc. ilOitgefflO^fT'tt, led/ 

5 VTS^L gigjW««TOn*£E 1 5 VT- 5 0 0 0 c 
d/m' ©tt|g^#^nfc„ Kftifil0mA/cm ! 
Trco^3t^*tt*50. 8 5 1m/Wfiofc„ 

c:^. 04ic^^ti-5j;-5tc, ^m*^ {wmm&<z>¥ 

ft\ZfcT-?2>£T'V>mffl) &8 OBffflT^ofc. 
[0 0 4 9] ifcfe0ij2. ^f?Xlt«l±fc:i»Hft-7^h 



1 ) 



( 6 ) 



#3f 2 8 2 4 4 1 1 
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Af&Bsu *:<d±iz. mmw2 izmm<Djj&-c. mwm 
w**»sn*5B3ieHiai«BEs±7VTr. s&w&fctBiiD 

tE15VT-4 0 0 0cd/m ! 
[0 0 5 0] IttM3. ^7Xl«±i;»^-7y*h 
n>X/t7*fel?SnO, 4l 5 0 0t>^Xho-A 

s, fg^ea, MgAgtg^itLfc. 

«, lcd/m 1 o>mm-t>m*>nz>mytmt&mEE\t7 v 

7?. Si«»^HR]iP«JBE 1 5 VT4 0 0 0 c d/m' T 
[0 0 5 1] £©«£?£, *Sgf»j2tJtt!i^l, 2, 3 



12 



10 



[0 0 5 2] *JSM3 . ffi^j^V^ hP>x/t5/^fe 
T. #:?X3S1£_hlC 1 2 0 0^">i^X hB-A© I TO 
t30 0:*>^XhD-A©gHbA*^i^A^lg|£g|i 

ltjsmlt 2 n#tjtm« £pj#Lfc„ ^ 

©*I±f::*660!l2 iE?Lf&i*/I£ij95 OOt 

>^XhP-A, 3g3£Jf£#S}5 0 0*>^XhD-A, 
MgAgSMl 8 0 0:t>^X (-D-AllgbTt 

[0 0 5 3] 

[is 4] 







mitmffiWfc (V) 


f§3fc£&*£ (Im/W) 




vox/rro 


3 


0.92 




RuOx/ITO 


3.5 


0.85 




MoOx/rro 


3.5 


0.80 




ITO 


5 


0.85 



EPirTri 0 0 c d/m 1 ftftft 
SOi 1 2 VX 5 0 0 0 c d/m 1 0 , 
0. 9 2 lm/W (B&ft^SiEl OmA/cm 1 ) Tr&o 
ft. l OmA/cm' ©BIb;£# 

■esa^Ufctc:?.. @4{c^$n-5j;'5t, ioo»i 
J^±-eabofc„ i Too*£fli<r>ft:*?K:< 6^, dco 

(0 0 5 41 51:, mfc^-fWAWm* i o o^yif 

3 VT±j&©M<h^bS&:d>-r>fc;&t, **ffftd*ft<ft 
0 . %%g&*tt 1.01 m/Wtftofe. 

[o o 5 5] mmmA. #5xs*s±f;:i 4 0 o*>^ 

X ho— A© I TOi3 0 0^">^X hn-A©SKfc^ 

tH«fc, IE?UiM«£#>J5 0 0^->^X hn-A, % 
3l£I^50 0t>^hD-A. MgAgfl^l 

800 b n-Af&mvTir®»mmftm?&fp 



[0 0 5 6] $4t^n5J;5IC, il©*^ 1 ©^^ 
30 1&nEEte3. 5VT£^fc. 5 VEPflnT3 0 c d 

/m' ©»S^m^$tlit (0 4) . fg^gMsteO. 8 
5 1 m/WTSofc. 

[0057] *M«1i:*nTtt, S?ft;^^^A©m 

[0 0 5 8] nmms. ^3^^mm.±\z, i2oot> 

yXhn-AOITOt30 0t>^f-P- i»©^ffc 
: E'J^7 ; >^^liibfc2P^jlt«@^^b 1 ■£© 

40 $3K*UT«-tKffSye3e*?«f^llL, SyS033<*:^*f 

[0 0 5 9] *4tC^$n-5<t-5C ^©*^©S§^M 
*&«flE«3. 5VT, 9ME5VTtt3 0cd/m' 
©*f*£^Lfc (05) . 

[0060] mffime. #nz> ±ffinm mm) 
^mvm-rm^cDm^iz-D^x^nmm^TR-r. 
[0061] i3i;it ^mmmtzm^mnm^m 

fOiBHi«*4n4. H3fctsHT, tf^XfflglO 
JitC, &{fc.U^-^A£ 1 5 0 0^">^X Fd-AM 

50 LTis®i2tb, ^-©±jc. nmm2tmm\z. jetl 
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( 7 ) 



2 8 2 4 4 1 1 



mam i s i^3ta i e t*M&mmvrc. m.mz. m 
Mi 4 tlx, {±mm®.(D'hztjiT)V5.mmmitw®*: 

[0 06 2] C©m?Tr. gtffc;i^-r>A«S (HHSl 
2) KIECDHBE^EPiJDU ttftSWMf (BMfl4> * 

MfeT*-5fc«6M g a g ^mmm<Dm^ <t o *> n > h 5 

[0 0 6 3] 

*ji^-iMt*<ha < -efr. jEJLuasjR^ajcjB^cDjE 
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[01] SaWfcff^fra^ltBttsl^oRrBfHT-fc 20 g.~ 2 4 '"ajMNH^ 



[0 2] **wfc«*2»*a*aioiwigHT ?fts . 

[0 3] *3BWK«5»<iA»63tt*ft0ffiT#*«Bt 

[04] &mm?<Dmmf%mztt-Tz>myemm<D&ik 

[0 5] &S^O^IiD*JBEi^»fti©p|^s^ 

[0 6] ¥g*is©*ti»jKig3te^©efiS0i?* 

10 s„ 

[0 7 ] IBFLHiiB * 2 »«ig#ti^^* 

[0 s ] m=p tamm 2 

: ?o»rM0T ! a&^) <> 

[0 9] Sg^iigco^rtllSiifj^fg^^o^fffiHTafe 

1 0 1 2 »s. 1 4 mm. 1 6 fs^s, 
1 8 jEjim^m. 2 0 , 22 1 to 




[01] 

MgAglUS 



(Pi® 



[02] 





3t 











1 4 



JI) 1 6 

TPDjI 
(jEfLffc&Jg) 1 8 

1 2 
1 0 



±mmmmm 2 4 

(3 OOAfeTF) 




[04] 




[03] 



_ jEfLlfixJMI 1 8 

(GUI) life 1 2 
1 0 
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#WF2 8 2 4 4 
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[07] 
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